Strengths and limitations of this study
▪ An a priori creation of our regression model and the anticipated direction of included independent variables, as well as the assessment of the proportional hazards assumption for all independent variables, provide greater confidence in our findings. ▪ The reasons for reimbursement of physiotherapy, chiropractic or opioid prescription are uncertain, and despite our adjustments for potential confounders (but not injury severity) it is possible that low back pain claimants who chose to receive these healthcare interventions were prognostically different from those who did not. ▪ A number of variables that may be important to consider were unavailable (eg, patient expectations regarding recovery); also, chiropractic and physiotherapy are professions, not modalities, and details of the treatment provided could not be obtained for our analysis. ▪ Our primary outcome, time to claim closure, is a surrogate for patient-important outcomes such as functional restoration or return to work.
INTRODUCTION
Back pain is a common problem among working adults in North America, with a lifetime prevalence of 63% and a point prevalence of 21%. 1 After the common cold, low back pain (LBP) is the most frequent cause of lost time from work. 2 Globally, LBP is the primary cause of years lived with disability. 3 In Canada, annual medical expenditures for LBP are estimated to be between $6 and $12 billion, with additional costs associated with loss in worker productivity from time off work and associated disability payments. 4 Canadian workers who are disabled secondarily to a work-related LBP injury are typically eligible for wage replacement benefits through their provincial Workers' Compensation Board.
In 2013, the Ontario Workplace Safety and Insurance Board (WSIB) approved approximately 232 000 claims that were associated with $2761 million in payments, and 18% of all allowed lost-time claims were for low back injuries. 5 6 The WSIB's liability for disability claims greatly exceeds their assets, and as of 31 March 2013 the WSIB's unfunded liabilities were $12.4 billion 7 -more than double their unfunded liability of $5.9 billion in 2006. 8 Unfunded liability is the amount by which future payment obligations exceed the present value of funds available to pay them. To reduce their unfunded liability, the WSIB has become more aggressive about denying claims, decreasing disability benefits and increasing employee premiums; 9 10 however, these measures do not address the optimal management of disability claims.
Interventions that are commonly reimbursed by WSIB for LBP claims include physiotherapy, chiropractic care and opioids; however, there is limited evidence about their effectiveness. Our systematic review of the Cochrane Back Review Group trial registry found no randomised controlled trials of these interventions focused on workers fully disabled by acute LBP and receiving benefits for lost-time claims (see online supplementary tables S1 and S2, and figure S1). We also found that many trials of patients with LBP use receipt of disability benefits as an exclusion criterion, most likely because of concerns that secondary gain (eg, receipt of financial compensation conditional on disability) will reduce the impact of study interventions. Henschke et al followed a cohort of 973 consecutive primary care patients with non-specific, acute LBP recruited from the clinics of 170 general practitioners, physiotherapists and chiropractors for 1 year. They found that, in an analysis adjusted for age, gender, injury severity and psychological factors, receipt of disability benefits was strongly associated with delayed recovery (HR=0.59; 95% CI 0.47 to 0.74).
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Since compensated acute LBP has a worse prognosis than uncompensated acute LBP, the results of trials that do not enrol patients receiving disability benefits cannot be confidently generalised to patients who are receiving compensation.
Using administrative data from the Ontario WSIB, we evaluated the association between receiving early reimbursement for physiotherapy, chiropractic care or prescription for opioids for uncomplicated, acute LBP and disability claim duration. On the basis of prior observational studies, [12] [13] [14] [15] [16] we hypothesised that early reimbursement for opioids would be associated with delayed recovery, and early reimbursement for physiotherapy or chiropractic care would be associated with faster recovery. We reported our findings in concordance with the STROBE 17 and TRIPOD 18 statements.
METHODS

Patient characteristics and eligibility criteria
Using WSIB administrative data, we identified an inception cohort of workers with uncomplicated, acute low back injuries (ie, strain or sprain) who were fully disabled from working and receiving wage replacement benefits from the Ontario WSIB. We excluded workers if they were approved for no-lost-time claims. Acute LBP has a different prognosis than chronic LBP (duration >12 weeks), 19 and we excluded all claims in which the number of days between the accident date and registration date of the claim was greater than 30 days. Most LBP claims resolve within the first month, 20 and Workers' Compensation Boards are primarily interested in factors that predict claim resolution among claimants who remain disabled after this time. We therefore excluded claims that ended before 4 weeks.
Between 1 January and 30 June 2005, the Ontario WSIB approved 18 974 lost-time claims for an uncomplicated, acute low back injury. Using the WSIB's administrative database, we acquired a random sample of 6665 injured workers from this population; 1442 unique workers remained on full benefits at 4 weeks and provided data for our analysis. If a worker had more than one claim for acute LBP, their first claim was used. The WSIB database recorded benefit status for 2 years after the first day of injury. Patient information was anonymised and de-identified prior to analysis.
Administrative variables
Our primary outcome was time to claim closure, defined as the duration in days from disability claim approval until the claim was closed. The WSIB database also contained demographic, administrative and clinical information, which was acquired from forms completed by the worker, their employer and their primary healthcare provider. The employer form (Employer's Report of Injury/Disease Form; Form 7), which is used to indicate whether there is doubt regarding the work-relatedness of an employee's back injury, is mandatory and must be submitted within 3 days of a work-related injury. The form asks employers "Do you have any reason to doubt the injury/disease is work-related?" and they can indicate either 'no' or 'yes'.
The worker may elect to fill out a form (Worker's Report of Injury/Disease; Form 6) if they have expenses related to their injury. The healthcare provider can elect to complete a form (Health Professional's Report; Form 8) to support their patient's claim that their injury is work related, which is a prerequisite for wage replacement benefits through the WSIB. Healthcare providers are asked to complete and submit a Functional Abilities Form for Planning Early and Safe Return to Work for each claim, and the WSIB provides compensation as an incentive.
In order to increase confidence in our findings, we defined our regression model before conducting any analyses. Guided by the results from our ongoing systematic review of observational studies evaluating predictors of recovery in patients receiving disability benefits, 21 feedback from administrators at WSIB, and content experts within our research team, we selected, a priori, 11 variables from the WSIB database that we judged may be associated with claim closure; we also specified the direction of anticipated effects on claim duration (table 1) : age, gender, native language, predisability income, prior disability claim, union membership, working for an employer with a return to work (RTW) programme, employer's doubt that the injury was work related, and early (1st month) receipt of reimbursement for opioids, physiotherapy or chiropractic care (table 1). In 2005, the Ontario WSIB did not capture any measure of LBP injury severity on Forms 6, 7 or 8, and as such we were unable to adjust for this variable. Injured workers may attend a healthcare provider for assessment purposes and we required ≥3 reimbursed visits for physiotherapy or chiropractic, within the first 28 days of claim, in order to qualify as reimbursement for treatment.
We hypothesised that workers represented by a union would resolve their claim faster, as we felt that they would have more support for re-engagement with competitive employment (eg, graduated work hours) versus workers who were not members of a union. We also hypothesised that claims due to injuries that employers reported were work related would resolve faster than injuries in which the employer doubted that the employee was injured at work, as we felt this may be a surrogate for the influence of non-medical factors (eg, secondary gain). On the basis of the findings of a recent systematic review that found that RTW coordination was associated with faster RTW for disabled employees, 22 we hypothesised that claimants employed by companies with formal RTW programmes would resolve their claim faster.
Data extraction
The Ontario WSIB's database consists of scanned paper documents, and data must therefore be extracted manually for analysis. Two reviewers extracted data, independently and in duplicate, from the first 100 eligible claims into an Access database (Microsoft Access, Filemaker). In order to minimise data entry mistakes, we developed data entry forms that included range checks and missing value alerts. The PROC COMPARE procedure in SAS V.9.2 (SAS Institute Inc, Cary, North Carolina, USA) revealed 98% agreement for the initial 100 claims; therefore, to increase feasibility, only a single abstractor completed data entry for the remaining claims used in our analyses.
We screened all data to identify outliers, inconsistencies and missing data by calculating summary statistics, and explored distributions graphically. We worked with WSIB representatives to correct identified outliers and inconsistencies. If inconsistencies could not be corrected, we treated them as missing data. Some WSIB forms are voluntary, and so we included 'missing data' as a discrete category for independent variables when applicable.
Statistical analysis
We generated frequencies for all collected data. We reported the mean and SD of continuous variables, and the number of occurrences represented as proportions for categorical variables. Age was negatively skewed and predisability gross income was positively skewed, and they were therefore entered as categorical variables into our regression model: by decade for age, starting at age 15 and ending at age 65, and by quartiles for predisability income.
We performed a time-to-event analysis using a Cox proportional hazards regression model to assess the association between time to claim closure and all 11 independent variables described in table 1. To avoid overfitting our models, we required at least 10 observations per variable term for our Cox regression model, for a total of 190 disabled workers. 23 We set a threshold of at least 50 observations per category for each independent factor in our regression model to provide some reassurance that each variable had sufficient discriminant power to detect an association with claim duration, if such an association existed.
For claims that were unresolved when the data were extracted, we used 2 years after claim approval as a censoring point. In order to be more stringent and minimise the likelihood of spurious findings, an independent variable was considered statistically significant if it had a p value of ≤0.01 in our adjusted model. We calculated adjusted HRs for our time-to-event analyses, their associated 99% CIs and the associated p values. We assessed each independent variable in our model to ensure that the proportional hazards assumption was met by entering each variable in the model separately and calculating its interaction with time. We considered a p value of ≤0.05 for the interaction term as significant. We reported the HRs for independent variables that violated the proportional hazards assumption at 60 days, 6 months and 1 year. We conducted a sensitivity analysis to investigate the impact of entering receipt of WSIB-reimbursed chiropractic care or physiotherapy as time-dependent covariates in a Cox proportional hazards regression model. This approach accounts for when treatments were initiated during the course of the disability claim.
Pooling data from similar studies When possible, we pooled the association between early opioid, physiotherapy or chiropractic care and claim duration in our sample with similar data from observational studies identified through a systematic review (search strategy, online supplementary table S4). We considered studies to be similar if they enrolled workers' compensation patients who were completely disabled from working secondary to acute, uncomplicated LBP and explored the association of early treatment with opioids, physiotherapy or chiropractic care with claim duration. Using standardised, pilot-tested forms, two reviewers screened, independently and in duplicate, titles and abstracts of identified citations and then full texts of potentially eligible studies. The same reviewers extracted patient characteristics, methodology and measures of association between early use of opioids, physiotherapy or chiropractic care and disability claim duration from eligible articles.
We used the following criteria to gauge risk of bias: (1) representativeness of the study population (low risk of bias when using random sampling or consecutive sampling, high risk of bias when the source of the study population was not reported or acquired through convenience sampling); (2) validity of outcome assessment (low risk of bias when the claim duration was acquired directly from the benefits administrator); (3) proportion of lost to follow-up (high risk of bias if >20%) and (4) whether or not predictive models were appropriately adjusted (low risk of bias if adjusted for age, gender and injury severity).
When possible, we pooled measures of association between early opioid, physiotherapy or chiropractic care and claim duration, and presented the pooled estimate as an HR and the associated 95% CI. When necessary, we converted ORs to a relative risk (RR), then to an HR, using the following formula:
where P 0 is the proportion of patients in the control group who had an event by the follow-up time.
We used random-effects meta-analyses, which are usually conservative in that they take both within-study and between-study variability into account. 25 We examined heterogeneity using both a χ 2 test and the I 2 statistic, the latter being the percentage of the total variation in outcomes that is associated with between-study variability (ie, true differences between studies rather than with sampling error (chance)). 26 Heterogeneity of 0-40% was considered 'might not be important', 30-60% to be 'moderate heterogeneity', 50-90% to be 'substantial heterogeneity' and 75-100% to be 'considerable heterogeneity'. 27 The Cochrane Collaboration has proposed overlapping categories to convey that there are no strict cut-offs for interpreting heterogeneity, and that this decision will depend on the magnitude and direction of effects, as well as the strength of evidence for heterogeneity.
We used the GRADE approach to summarise the certainty of evidence for the effect of early opioid use on claim duration as high, moderate, low or very low. 28 Using GRADE, observational studies begin as a low certainty but can be rated down due to: (1) risk of bias; (2) inconsistency; (3) indirectness; (4) imprecision or (5) publication bias. GRADE suggests considering rating up the certainty of evidence by one level when methodologically rigorous observational studies show at least a twofold reduction or increase in risk, and by two levels for at least a fivefold reduction or increase in risk. 29 We assessed publication bias by visually observing asymmetry of funnel plots, but only if there were ≥10 studies eligible for meta-analysis. We performed all statistical analyses using SAS V.9.2 (SAS Institute Inc, Cary, North Carolina, USA). All hypothesis tests were two tailed and p≤0.05 was considered statistically significant.
We estimated the cumulative proportion of claims closed in our WSIB data set at 90 days for disabled workers who did, and did not, receive early opioids by using the following formula:
HR where P 1 is the cumulative proportion of claims closed by 90 days in the early opioid group, P 0 is the cumulative proportion of claims closed by 90 days in the group that did not receive early opioids, and HR is the pooled estimate of the HR from our meta-analysis. Table 2 presents the baseline characteristics for the 1442 disabled workers included in our analysis. The Ontario WSIB reimbursed 786 (55%) claimants for physiotherapy and 391 (27%) for chiropractic care. In the first 4 weeks of their claim, 27% (n=388) were reimbursed for ≥3 physiotherapy treatments, 17% (n=247) were reimbursed for ≥3 chiropractic treatments, and 9% (n=136) were reimbursed for an opioid prescription. Figure 1 
RESULTS
presents the Kaplan-Meier curve for time to claim closure for LBP claimants. Most workers (67%, n=966) had resolved their claim by 90 days, 84% (n=1211) by 180 days and 91% by 1 year (n=1312); 1348 (93.5%) claims were closed prior to 2 years and 94 (6.5%) were censored.
Time-to-event analysis
Our adjusted regression analysis showed that older age (eg, HR for age ≥55 vs <25=0.52; 99% CI 0.36 to 0.74) and opioid prescription reimbursed by the Ontario WSIB in the first 4 weeks of claim (HR=0.68; 99% CI 0.53 to 0.88) were associated with longer claim duration. The HRs for predisability income and receiving reimbursement for early chiropractic care with claim duration were not proportional over time ( p=0.001 and 0.031, respectively), and older claims showed a significant association of greater predisability income with longer claim duration (eg, HR for active claims at 1 year with a predisability income >$920 vs ≤$480/week=0.34; 99% CI 0.17 to 0.68). Working for an employer who had an RTW programme (HR=1.78; 99% CI 1.45 to 2.18), and missing data regarding union membership (HR=1.27, 99% CI 1.01 to 1.59) were associated with shorter claim duration. Contrary to our predictions, neither early receipt of WSIB reimbursement for physiotherapy (HR=1.01; 99% CI 0.86 to 1.19) nor chiropractic care (eg, HR for active claims at 60 days=1.15; 99% CI 0.94 to 1.41) was associated with claim duration (table 3) . We found no important differences using alternative analytic methods (see online supplementary table S3). Figures 2-4 present the Kaplan-Meier curves for time to claim closure for acute LBP claimants who received reimbursement for early opioid prescription, physiotherapy and chiropractic care.
Systematic review
Our systematic review of observational studies identified 2998 unique records, of which we retrieved 99 in full text; three were eligible for our review and explored early opioid use (see online supplementary figure S2). All three observational studies that explored early use of opioids for workers' compensation claims due to uncomplicated, acute LBP reported a significant association with prolonged claim duration, and two studies adjusted for injury severity in their regression models (table 4).
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When our results were pooled with the two studies that reported measures of association in relative units, 14 15 resulting in a total of 51 069 participants, the association between early opioid use and prolonged claim duration was consistent with our findings (adjusted HR=0.57, 95% CI 0.48 to 0.69, heterogeneity test p=0.02, I 2 =75%; low certainty evidence) (figure 5). Applying this effect to our WSIB data set means that, at 90 days, 69% of workers without reimbursement for early opioids had resolved their disability claim versus 49% of workers who received reimbursement for early opioids.
The pooled effect was associated with substantial heterogeneity; however, statistical tests of heterogeneity can be misleading when sample sizes are very large and CIs for measures of association are therefore very narrow. 30 These results provide an excellent example of the phenomenon. The three studies all show consistent, large effect estimates (0.52-0.68), which increases confidence in our findings.
DISCUSSION
Statement of principal findings
Our analysis of the Ontario WSIB's administrative data revealed that older claimants who were fully disabled at 4 weeks due to uncomplicated, acute LBP and who are reimbursed for opioid prescription in the first 4 weeks of their claim were more likely to experience prolonged claim duration. Higher preinjury income was also associated with prolonged claim duration, but only among persistent claims. Injured workers employed by organisations with an RTW programme and/or missing information on union affiliation were likely to resolve their claim faster. Neither early receipt of reimbursement for physiotherapy nor chiropractic care for uncomplicated LBP was associated with claim duration.
Strengths and weaknesses
A priori specification of our regression model and stating the anticipated direction of included independent variables, as well as the assessment of the proportional hazards assumption for all independent variables, provide greater confidence in our findings. In 2005, the Ontario WSIB did not capture any measure of LBP injury severity on Forms 6-8, and we were therefore unable to adjust for this factor. The Ontario WSIB Health Professional's Report (Form 8) was updated in August 2011, and now includes capture of baseline pain. 31 We did attempt to include patients with similar injuries by restricting our cohort to acute, uncomplicated LBP, and while there may still be important differences in injury severity in our cohort, our findings regarding the association with early opioid use and delayed claim recovery are consistent with other studies that have adjusted for low back injury severity. 13 14 Other strengths include limited missing data, correction of identifiable data errors and inconsistencies, and validation checks to ensure the accuracy of the data used to inform our regression model. Our study has several limitations. First, it was a retrospective cohort study in which the reasons for reimbursement of physiotherapy, chiropractic or opioid prescription are uncertain. Thus, despite our adjustments for potential confounders, it remains possible that acute LBP claimants who received these healthcare interventions were prognostically different from those claimants who did not. Second, the WSIB database captures only those physiotherapy or chiropractic treatments that are reimbursed by the WSIB, and it is possible that some patients paid out of pocket to receive these services. It is highly unlikely that patients would have received opioids outside of WSIB reimbursement (Dr Norman Buckley, Chair of Anesthesiology, McMaster University, personal communication, 2015). Third, a number of variables that may be important to consider were unavailable (eg, patient expectations regarding recovery 32 ), and some variables were not optimally collected. For example, chiropractic and physiotherapy are professions and not modalities, and there were no details of treatment provided. Fourth, our study focused on workers with acute LBP who were receiving disability benefits from the Ontario WSIB for at least 4 weeks in 2005, and we cannot say whether our findings are generalisable to other disabled workers. We are, however, unaware of any major changes in practices among Ontario chiropractors or physiotherapists since 2005, and there is evidence that both rates of opioids prescriptions and average morphine equivalent dose for nonmalignant pain have increased since 2005, which would suggest that our findings regarding early reimbursement for opioids apply to a greater proportion of current WSIB LBP claimants. 33 Finally, our primary outcome, time to claim closure, is a surrogate for patientimportant outcomes such as functional restoration or RTW; however, claim closure and faster claim resolution is associated with functional recovery among adults disabled by non-severe low back injuries, 34 which provides some assurances that patients who resolve their disability claim are also likely to experience clinical improvement.
Our findings in the context of other relevant literature Our finding that older age is associated with prolonged claim duration is consistent with the literature. 35 We predicted that injured workers employed by companies that had formal RTW programmes would resolve their claims faster, and this was supported by our findings. It is unclear why missing data for union membership was associated with shorter claim duration. Similarly, reasons why higher predisability income was associated with prolonged claim duration, but only among persistent claims, are uncertain. Possibilities include that injured workers with higher salaries who do not resolve their claims in the initial 6 months may find it more difficult to identify suitable employment at similar earnings levels, or that compared with other workers (ie, with lower predisability income), workers with higher salaries can accommodate limited compensatory income for longer periods of time.
Although there are no randomised controlled trials exploring the effect of physiotherapy, chiropractic care or early opioid use for workers with acute, uncomplicated LBP receiving lost-time compensation benefits (see online supplementary table S2), our systematic review identified six observational studies that are relevant to our findings.
13-16 36 37 Turner et al followed 1885 workers from Washington for 1 year after they had been awarded workers' compensation benefits for acute LBP. In a comprehensive regression model adjusted for multiple sociodemographic, employment, clinical, healthcare and administrative factors-including injury severity -they found that workers who attended a chiropractor first, versus a primary care provider, were significantly less likely to remain on disability benefits at 1 year (adjusted OR=0.41, 95% CI 0.24 to 0.70). 16 
Figure 5
The association between early opioid use/prescription and claim duration. Wasiak et al 36 found that workers in Florida, USA, with acute low back injuries who were reimbursed for limited chiropractic care (<30 days) experienced an 8.6% shorter duration of work disability versus workers' compensation claimants who were reimbursed for prolonged chiropractic care (>30 days). The authors did exclude severe injuries from their population, but were unable to adjust for injury severity within their sample. Further, chiropractic care was collected after baseline and not treated as time-dependent, and so it is not surprising that claims with longer duration also received more chiropractic care.
Lemstra and Olszynski 37 explored the effect of standard care (which included long waiting lists for physiotherapy) to provision of rapid rehabilitation services on workers' compensation claim duration from a company in Saskatchewan, Canada. After adjusting for a number of factors, including age and injury severity, longer claim duration was associated with chiropractic care (adjusted HR=2.88, 95% CI 1.45 to 5.73) and physical therapist involvement (adjusted HR=19.88, 95% CI 7.95 to 39.77). The authors collected healthcare provider utilisation data after baseline and did not treat these variables as time-dependent, and so an alternative explanation is that claims with longer duration are simply more likely to involve either chiropractors or physical therapists.
Canada is currently the second largest per capita consumer of opioids in the world; 38 however, prescribing patterns in Ontario show considerable variation between primary care providers. 39 Workers' compensation data from the USA have shown an almost 10-fold range (5.7-52.9%) in the early prescription of opioid medications between various states, suggesting that local prescribing patterns have significant influence on the use of these analgesics. 40 Findings from a study of workers' compensation non-specific LBP claims (that did not adjust for injury severity) revealed that, compared with a no opioid reference group, the odds of chronic work loss were six times greater for claimants who used strong opioids and 11-14 times greater for claimants with opioid prescriptions which exceeded 90 days. 41 We found that reimbursement for early opioid use by the Ontario WSIB was associated with prolonged claim duration for uncomplicated back pain, and pooling of our data with similar studies 14 15 shows a consistent effect, which increases confidence in our findings.
Implications and future research
To manage their growing unfunded liability, the Ontario WSIB has focused on increasing their claim denial rate, decreasing benefits to injured workers, reducing WSIB staff and raising employer premiums. 9 10 Most employers are obligated to pay WSIB premiums because they are legally bound to provide injury benefits to their employees, and the Ontario WSIB is protected by laws prohibiting competition in the marketplace. Another strategy is to optimise clinical management of injured workers.
Our findings, which were not adjusted for illness severity, suggest that receiving reimbursement from the Ontario WSIB for early chiropractic care or physiotherapy for acute, uncomplicated LBP is not associated with shorter time to claim closure and receiving reimbursement for early opioids was linked with longer claim duration. We did find a non-significant association between early reimbursement for chiropractic care and shorter claim duration, which disappeared at 6 months. In 2005, the Ontario WSIB typically limited reimbursement for chiropractic care to no more than 3 months after a low back injury and the change in association that we found may reflect discontinuation of reimbursement by the WSIB and consequent termination of chiropractic care.
The Ontario WSIB should continue to incorporate established prognostic factors for recovery into their baseline data collection forms, as well as outcomes of direct importance to patients, such as functional recovery, to facilitate more rigorous analyses of their administrative data. However, since observational data cannot establish causality, high quality randomised controlled trials are urgently needed to confirm or refute our findings.
